Purpose The third most frequently diagnosed cancer in Europe in 2018 was lung cancer; it is also the leading cause of cancer death in Europe. We studied patient and tumor characteristics, and patterns of healthcare provision explaining regional variability in lung cancer survival in southern Spain. Methods A population-based cohort study included all 1196 incident first invasive primary lung cancer (C33-C34 according to ICD-10) cases diagnosed between 2010 and 2011 with follow-up until April 2015. Data were drawn from local population-based cancer registries and patients' hospital medical records from all public and private hospitals from two regions in southern Spain. Results There was evidence of regional differences in lung cancer late diagnosis (58% stage IV in Granada vs. 65% in Huelva, p value < 0.001). Among patients with stage I, only 67% received surgery compared with 0.6% of patients with stage IV. Patients treated with a combination of radiotherapy, chemotherapy, and surgery had a 2-year mortality risk reduction of 94% compared with patients who did not receive any treatment (excess mortality risk 0.06; 95% CI 0.02-0.16). Geographical differences in survival were observed between the two regions: 35% vs. 26% at 1-year since diagnosis. Conclusions The observed geographic differences in survival between regions are due in part to the late cancer diagnosis which determines the use of less effective therapeutic options. Results from our study justify the need for promoting lung cancer early detection strategies and the harmonization of the best practice in lung cancer management and treatment.
Introduction
Lung cancer was the third most frequently diagnosed cancer in Europe in 2018 with 364,601 new cases [1] . In Spain, it is estimated that 28,347 new lung cancer cases were diagnosed in 2015. Lung cancer is the third most frequently diagnosed cancer in men after prostate and colorectal cancer; and the fourth in females after breast, colorectal, and endometrial cancer [2] , excluding non-melanoma skin cancer. Moreover, lung cancer was the leading cause of cancer death among males in 2012 worldwide [3] with 1,590,000 deaths of lung cancer, accounting for 87% of the mortality from cancer and making it the leading cause of cancer death in the world [4] .
Despite improvements in lung cancer biology and the increased diagnostic and therapeutic effort in recent decades, lung cancer still has one of the world's lowest survival [5] . The European mean age-standardized 5-year relative survival for male lung cancer patients diagnosed in 2000-2007 was 12.0% and 15.9% for female patients [6] . Lung cancer survival in Spain had a poor prognosis, with a 5-year relative survival of 10.6% (95% CI 10.1-11.2) [7] .
Patient and tumor characteristics are important drivers of lung cancer survival. For instance, smoking behavior varies significantly between individuals and populations reflecting geographical and temporal variability in lung cancer incidence [8] . Lung cancer survival among smokers is lower than that of non-smokers, but the effect of tobacco on lung cancer survival could be mediated by comorbidity associated with smoke [9, 10] . Furthermore, stage, age at diagnosis, and cancer treatment are the most important determinants of lung cancer survival [9] . Current evidence suggests the importance of an early diagnosis to allow a better lung cancer prognosis [6, 11, 12] . However, it is still difficult to make an early diagnosis of lung cancer [13, 14] . Furthermore, differences in patterns of healthcare may explain regional variability in lung cancer survival.
Recently, regional variability in lung cancer survival has been found in Spain [15] . We hypothesized that the regional variability in lung cancer survival could be characterized by patient, tumor, and healthcare provision determinants [16] . Characterizing factors associated with regional differences in lung cancer survival is extremely important for public health professionals and policymakers as it can help them to allocate resources and develop strategies to reduce survival inequalities. We studied the distribution and frequency of patient, tumor, and healthcare provision factors, their regional variability, and their association with lung cancer survival in southern Spain.
Methods: study design
We develop a population-based cohort study including 1196 incident lung cancer cases from two population-based cancer registries in southern Spain (Huelva and Granada) following international standard procedures and coding rules (http://www.hrstu dies.eu/). Both cancer registries follow the international recommendations by the IARC (International Agency for Research on Cancer) and the ENCR (European Network of Cancer Registries) from the beginning of their activity (Granada from 1985 and Huelva from 2007). The cancer registry from Huelva is more recent than Granada. However, it has consolidated data of all anatomical sites since 2007 and has published their incidence results elsewhere [17] .
Cases were diagnosed with a first invasive primary lung cancer [C33-C34 according to International Classification of Diseases for Oncology, 3rd edition, (ICD-O-3)] between 2010 and 2011 with follow-up until April 2015. Cancer registry data related to patients' sociodemographic and basic tumor characteristics were enhanced with information from hospital medical records including cancer diagnosis and treatment.
Variables included in the study
We included the date of cancer diagnosis from cancer registration data and patients' date of death at the end of follow-up extracted from the National Death Index. The vital status "alive" was then validated with the information from patients' hospital medical records. In addition to basic sociodemographic patient data, the date of diagnosis and the vital status, we characterized the information obtained from the medical records as patient, tumor, and healthcare provision factors.
Patient's characteristics
We included age, gender, smoking status, and comorbidities including 19 diseases. Age at diagnosis was categorized into five age groups: 15-44, 45-54, 55-64, 65-74 and ≥ 75 years. Smoking status was categorized as the current, past, and never smoker. Comorbidities were included using the Charlson comorbidity index (CCI) and coded according to the number of comorbidity conditions: no comorbidity (0-1 points), low comorbidity (2 points), high comorbidity (> 2 points), and unknown [18, 19] .
Tumor factors
We included the presence of a previous lung disease, tumor topography, morphology, laterality, and stage at diagnosis. The final stage variable was defined as the combination of clinical and pathological TNM and categorized into five groups based on the 7th edition of the TNM manual: stage I-IV, and unknown. Topography and morphology (defined later) were coded according to the International Classification of Diseases for Oncology, 3rd edition (ICD-O-3).
Healthcare provision factors
We included diagnosis type and treatment information from medical records. The method of diagnosis was categorized as clinical/instrumental only, cytological, or histological (including histological diagnosis of metastasis). The clinical category included chest X-ray, spiral computed tomography (CT), positron emission tomography (PET), magnetic resonance imaging (MRI), bronchoscopy, endobronchial ultrasound-guided bronchoscopy (EBUS), and mediastinoscopy. If the diagnosis was based on a cytological or a histological evaluation, the disease was considered microscopically verified and was further classified by morphology: adenocarcinoma (ADC), squamous cells carcinoma (SqCC), small cells carcinoma (SmCC), large cells carcinoma (LCC), and other types. Both microscopically verified and unverified lung cancer cases were included. First treatment information was classified into four different categories: surgery, chemotherapy, radiotherapy, targeted treatment, and their combination. We also included the time to first treatment as the time elapsed between the date of diagnosis and the date of the first treatment. Palliative care was defined as the treatment administered without curative intent and patients who did not receive surgery, chemotherapy, radiotherapy, targeted treatment, and their combination were classified as untreated.
Statistical analysis
To describe regional variability related to the patient's tumor, diagnostic procedures, and treatment characteristics, we used counts and proportions. To assess the strength of the statistical differences between regions, we used the Chisquare test and the Fisher's exact test when applicable. To describe the time to the first treatment, we used the median and the interquartile range (IQR). We used the region of analysis as a binary dependent variable with the province of Huelva as the reference to study regional variability in lung cancer treatment using logistic regression models for each of the treatment combinations. Odds of receiving treatment vs. non-treatment and each combination of treatment vs. any other therapy with 95% confidence intervals (CI) were computed. Models were adjusted for age, morphology, and stage at diagnosis. Then, to compare differences in the time to the first treatment by regions, we used the non-parametric Mann-Whitney test.
Finally, to investigate lung cancer survival by regions, we estimate 1-and 2-year age-standardized net survival using the Pohar Perme estimator [20] . To estimate the net survival, we used population regional life tables broken down by sex and categories of age [21] . For the standardization of the net survival by age, we used the standard cancer patient population and 95% CI were derived based on the delta method. Finally, we investigated regional variability in excess mortality due to cancer estimating excess mortality risks (EMR) using multivariable generalized linear models with a Poisson error structure [22] . We used Stata v. 14 (StataCorp, College Station, Texas, USA) for the statistical analysis [23] . Table 1 shows patient and tumor characteristics from 1196 incident cases of lung cancer in two southern Spanish provinces. The majority of the cases were men (83%) with a similar proportion in both regions. Age at diagnosis was significantly higher in Granada than in Huelva. Percentage of patients over 75 years old was 38% in Granada and 24% in Huelva. The percentage of non-smokers was lower in Huelva (10%) than in Granada (15%). For both regions, smoking in men was more frequent than in women (47% vs. 39%, data not shown); however, in Huelva, there was a greater percentage of women who smoke than in Granada (50% vs. 33%, data not shown). The presence of a previous pulmonary disease was more frequent in Huelva than Granada (55% vs. 37%), but the CCI showed higher comorbidity in Granada. Microscopic verification was obtained in 80% of cases with a higher proportion in Huelva than Granada (85% vs. 76%). Significant differences between the two regions were found regarding morphology, i.e., the most frequent histological type in Granada was adenocarcinoma (40%) but in Huelva it was squamous cell carcinoma (25%). Large cell carcinoma was much more frequent in Huelva than Granada (16% vs. 2%). Huelva showed a higher prevalence of stage IV at diagnosis than Granada (65% vs. 58%, p value < 0.001). Tables 2 and 3 show differences in health care provision factors between provinces. All diagnostic tests except CT and MRI were applied differentially in the two regions. Thoracic imaging and bronchoscopy were more frequently used in Huelva, whereas PET, mediastinoscopy, and EBUS were more frequently used in Granada (Table 2 ). Chemotherapy or radiotherapy was administered to a greater percentage of patients in the province of Huelva, while surgery or targeted therapy was applied in a similar proportion (Table 3) . Surgery was only indicated in 15% of all stages patients in both regions. For each stage, patients who received surgery were 81% with stage I, 55% with stage II, 11% with stage III and 2% with stage IV (data not shown). Our study shows that treatments containing surgery are performed in a very small percentage of patients in stage IV (0.9% radio + surgery, 0.3% chemo + surgery and 0.4% radio + chemo + surgery) (data not shown).
Results

Patient and tumor factors
Diagnosis procedures, treatment characteristics, and time to the first treatment
Forty percent of the patients in Granada and 32% in Huelva received treatment without curative intent. The first treatment with surgery or target treatment had similar percentages in both regions. There was a greater tendency in Huelva compared to Granada to administer only radiotherapy (13% vs. 5%), radiotherapy along with chemotherapy (24% vs. 16%) or the combination of radiotherapy, chemotherapy, and surgery (4% vs. 2%). In contrast, treatment with chemotherapy alone (20% vs. 14%) or surgery alone (10% vs. 6%) was more common in Granada (Table 3) .
We found a greater probability of treatment with only radiotherapy in Huelva than in Granada (OR = 2.8; 95% CI 1.8-4.4), whereas in Granada the probability of performing only surgery (OR = 0.5; 95% CI 0.2-1.0) or only chemotherapy (OR = 0.5; 95% CI 0.4-0.8) was higher ( Table 4) .
The time elapsed from diagnosis to the first treatment was higher in Granada (median of 43 days; IQR 26-82 days) compared to Huelva (39 days; IQR 18-64 days) (p value < 0.001). Chemotherapy was the first therapeutic option both in Granada (first treatment administered in 35% of patients) and in Huelva [although with a lower percentage (29%)] followed by radiotherapy (24% in Huelva vs. 10% in Granada).
Age-standardized net survival and excess mortality risk
Survival was greater in Granada than in Huelva, in both men and women. 1-year net survival was 35% in Granada vs. 26% in Huelva, and 2-year net survival was 21% in Granada vs. 17% in Huelva. Survival in females was higher than males in the two regions, with percentages almost twice higher than males 2 years after diagnosis. Greater survival in Granada was observed in all age groups, although it was more pronounced between 45 and 64 years of age (Table 5) . However, stratified analysis by cancer stage only showed a higher survival probability in Granada for patients with cancer stage IV, while in stages I-III Huelva obtained better indicators than Granada 2-year after diagnosis (Table 5) . Multivariable adjustment showed moderate evidence for higher excess cancer mortality in Huelva than Granada with 13% 2-year EMR of death (95% CI 0.97-1.30). All treatment combinations including surgery showed better survival than any other treatment combination without surgery. The most effective treatment regarding 2-year survival was the combination of radiotherapy, chemotherapy, and surgery, reducing the risk of death by 94% compared to patients who did not receive this combination of treatment (EMR = 0.06; 95% CI 0.02-0.16). Patients who were treated with a single therapeutic option other than surgery had a lower reduction in the risk of death compared to other treatments combinations (Table 6) .
Discussion
The present population-based study analyzed lung cancer net survival in patients diagnosed in two southern Spanish regions and showed geographical differences of patient, tumor, and healthcare provision determinants associated with 1-and 2-year net survival probability (age-standardized 1-year net survival was 35% in Granada and 26% in Huelva). 1-year age-standardized net survival for lung cancer in southern Spain is lower than the overall Spanish 1-year age-standardized net survival, i.e., 38% (95% CI 37-38) and the European, 39% (95% CI 38.8-39.2) [15, 24] . Furthermore, we found that more than 50% of cases were diagnosed late (stage IV) and the prevalence of late diagnosis was different between the study regions (58% in Granada vs. 65% in Huelva).
The prevalence of tobacco smoking and lung disease was higher in Huelva than in Granada; patients in Huelva were younger and showed lower comorbidity, both which could mean a better prognosis concerning survival [25, 26] . However, although older age is associated with a worse prognosis, some studies show tumors in younger patients are more aggressive than in older patients, as has been observed in the present study. In this regard, Sacher et al. [27] conclude that younger age is associated with an increased likelihood of harboring a targetable genotype and the survival of young patients with that genotype is unexpectedly poor compared with other age groups, suggesting more aggressive disease biology. On the other hand, in Huelva, a higher number of patients were diagnosed in stage IV and a lower percentage in stage I, which suggests that the difference in survival is due to late diagnosis. In fact, survival in Huelva is superior to Granada in all stages except stage IV, which reinforces this hypothesis. Also, in Huelva, there was a higher percentage of bilateral tumors, which have a worse prognosis and are more difficult to approach from the therapeutic point of view [28] [29] [30] .
Women have a lower incidence of lung cancer than men as generally they smoke less than men [31] . However, the smoking prevalence in Spain has declined in men from 65% in 1978 to 31% in 2015, but it has increased from 17% in 1975 to 25% in 2015 [32] . This new pattern of tobacco consumption has important implications for the incidence and mortality of lung cancer by sex in Spain. For instance, the lung cancer sex-specific incidence rate ratio for men 1 3 compared with women has decreased importantly from 9.6 times in the period 1993-1997 to 6.3 in 2003-2007 [33] . Overall we found higher lung cancer survival among women compared with men which is in line with research in other countries [34] . The mechanisms for these differences are not yet well understood but differences between the sexes such as health-seeking behavior have been postulated as a possible hypothesis to explain the differences [35] [36] [37] [38] . For instance, a study in Spain found that women have worse perceptions of their health than men, making them attend health services more frequently than men [39] .
We found remarkable differences related to the provision of cancer care in both southern regions that might explain cancer survival outcomes. All diagnostic tests except CT and MRI were applied differentially in the two regions. Thoracic imaging and bronchoscopy were more frequently used in Huelva, whereas PET, mediastinoscopy, and EBUS were more commonly used in Granada. Treatments that include surgery are more effective for the survival of lung cancer patients, although their use is only indicated in tumors in early stages. Besides, in a large number of patients, the only therapeutic option is with palliative intent, mainly because they are elderly patients with distant metastasis. That is why, to maximize the probability of survival, efforts for early detection of lung cancer must increase. We observed that the combination of treatments improves survival. Of all combinations, those that included surgery had the best results reducing death risk. The most effective treatment regarding survival was the combination of radiotherapy, chemotherapy, and surgery, reducing the risk of death by 94% compared to patients who did not receive treatment. Chemotherapy combined with surgery and surgery alone was also more effective than the other treatments. It is important to emphasize the relevance of early cancer detection for lung cancer surgery and survival. Nevertheless, surgery is only indicated in early stages. However, early lung cancer detection is still difficult [40] . In our study, surgery was only indicated in 15% of patients who were mostly in stage I (81%). Only 17 of the 1196 cases analyzed (1.4%) were included in a clinical trial at the time of the investigation.
A recent improvement of new therapies has had a slight influence in lung cancer survival-1-year survival rates have modestly increased, particularly among women who have a better prognosis and higher survival [41] . Unfortunately, the use of these new therapies, in particular, tyrosine kinase inhibitors [42, 43] , has been scarce during the period of this study. It could be due to the slow introduction of some new treatments in our community. When analyzing the type of treatment, we observed that untreated patients have the highest percentages as they represent 40% and 32% in Granada and Huelva, respectively. Lung cancer patients, who were in poor condition and exhibited severe chronic complications or were in the late stages of the disease, usually receive only palliative treatment or no treatment at all. To the extent of our knowledge, this is the first high-resolution study showing regional variability in patient, tumor, and healthcare determinants that also highlights a remarkably high prevalence of late diagnosis in Spain. However, more consistent comparative evidence is needed in terms of calendar time and sample size to externally validate the relevance of our findings.
In summary, the observed regional differences in lung cancer may be due to the late cancer diagnosis, which determines the use of less effective therapeutic options. Patient, tumor, and provision of healthcare determinants could partially explain the observed geographical variability. The results of our study justify the need for monitoring adherence to regional guidelines and promoting the harmonization of the best practice in lung cancer management and treatment.
